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1 Introduction and Overview 
This paper focuses on the practical application of a project selection approach defined in 
“contingent portfolio programming for the management of risky projects“ by Janne Gus-
tafsson and Athi Salo1. 
To prove the feasibility of the application, the following thesis has been put forward: 
The model described in “contingent portfolio programming for the management of risky pro-
jects”2 is able to support the project portfolio decision making process of an international 
funds- & asset management company. 
The discussion of the thesis should provide insight as to where to allocate the application of 
the model in the corporate planning and decision making processes, so as to derive the neces-
sary conditions for a successful implementation and analysis of the results. 
To prove the thesis the following key questions will be elaborated on: 
1. What is the model about? – Chapter 2 “Description of the model” 
2. What are the preconditions for performing project selections within the surveyed 
company? – Chapter 3 “Excursus planning- and project portfolio theory” 
3. What are the effects of a decision maker’s behaviour?  - Chapter 4 “Introduction of the 
company’s situation” and Chapter 5 “Preparation of missing input” 
4. How to setup the model? – Chapter 6 “Building the LP Model” 
5. How applicable are the results? – Chapter 7 “Calculation and analysis of the results” 
and Chapter 8 “Interpretation of results” 
Chapter 2 explains the theory of the model itself. 
Chapter 3 will discuss the relevant planning and project portfolio theory to be able to describe 
the necessary framework for the elaboration of the decision parameters. 
Chapter 4 describes the company, the understanding of innovation within the company, the 
existing decision authorities and the required adaptions. 
                                                
1 Cf. Gustafsson and Salo, Operations Research, 2005 
2 Cf. Gustafsson and Salo, Operations Research, 2005 
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Chapter 5 explains the collection and preparation of missing input from strategic-, operational 
- and tactical planning. 
Chapter 6 shows the application of the model, including the basic parameters. Furthermore a 
project portfolio decision will be prepared. 
Chapter 7 analyses and interprets the results. 
In Chapter 8 the findings are summarised and the potential for improvements to the model 
and its applications will be proposed.  
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2 Description of the Model 
The theoretical model describing contingent portfolio programming is embedded in portfolio 
decision analysis a subfield of DA.  
2.1 Decision Analysis 
 
The analysed theoretical model belongs to the field of decision analysis (DA) that deals with 
the omnipresent problem of resource allocation and which is valid for all kinds of business 
and government organisations.  
“Stated quite simply, we typically have more good ideas for projects and programs than 
funds, capacity, or time to pursue them. These projects and programs require significant initial 
investments in the present, with the anticipation of future benefits. This necessitates balancing 
the promised return on investment against the risk that the benefits do not materialize. An 
added complication is that organizations often have complex and poorly articulated objectives 
and lack a consistent methodology for determining how well alternative investments measure 
up against those objectives. “3 
2.2 Portfolio Decision Analysis 
 
Portfolio decision analysis (PDA) as a subset of DA is described as“…in contrast to tradition-
al DA, it is important to recognize that resource allocation is a portfolio problem, where the 
decision makers must choose the best subset of possible projects or investments subject to 
resource constraints. ”4 
 
The application of models, like the one presented, in real-world organisations also requires 
state-of-the-art techniques and processes for defining probabilities and preferences, perform-
ing sensitivity analysis, and presenting clear and compelling results and recommendations.  
 
                                                
3 Cf. Salo, Keisler and Morton, 2011, page V 
4 Cf. Salo, Keisler and Morton, 2011, page V 
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Portfolio Decision Analysis (PDA) consits of a body of theories, methods, and practices, 
which support decision makers’ selections from a discrete set of alternatives, by mathematical 
modeling and considering relevant constraints, preferences, and uncertainties.5 
 
“A few introductory observations about this definition are in order. To begin with, theory can 
be viewed as the foundation of PDA in that it postulates axioms that characterize rational de-
cision making and enable the development of functional representations for modeling such 
decisions. Methods build on theory by providing practicable approaches that are compatible 
with these axioms and help implement decision processes that seek to contribute to improved 
decision quality. Practice consists of applications where these methods are deployed to ad-
dress real decision problems that involve decision makers and possibly even other stakehold-
ers. Thus, applications build on decision models that capture the salient problem characteris-
tics, integrate relevant factual and subjective information, and synthesize this information into 
recommendations about what subset of alternatives (or portfolio) should be selected. “6 
In accordance to the PDA the mathematical model “contingent portfolio programming for the 
management of risky projects” developed in 2002 by Janne Gustafsson and Athi Salo will be 
discussed and its applicability will be analysed. 
2.3 Contingent Portfolio-Programming 
 
The model is based on the contingent portfolio-programming (CPP) concept. CPP defines 
projects as being risky if they consume or produce goods over several periods of time. Uncer-
tainties are modelled using a state tree, which illustrates the structure of future states of nature 
– figure 1.  
“In general terms, a decision tree describes the points at which decisions can be made and the 
way in which these points are related to unfolding uncertainties.”7 
At the terminal states shown at the times 0 and 1, project investments can be made. At the 
terminal states at time 2, project revenues will be collected. Using the CPP framework, pro-
jects are modelled using decision trees that span the state tree. 
                                                
5 Cf. Salo, Keisler and Morton, 2011, page 4 
6 Cf. Salo, Keisler and Morton, 2011, page 4 
7 Cf. Gustafsson and Salo, Systems Analysis Laboratory Research Reports, 2005, page 3 
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Figure 1: States of nature. 
Source: Cf. Gustafsson and Salo, Operations Research, 2005, page 948 
                               
Figure 2: A decision tree for a project. 
Source: Cf. Gustafsson and Salo, Operations Research, 2005, page 948 
“Figure 2 describes how project decision (left part of the figure), when combined with the 
state tree in figure 1, lead to project specific decision trees (right part of the figure). The spe-
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
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cific feature of these decision trees is that the chance nodes  - since they are generated using 
the common tree – are shared by all projects.” 8 
Contingent portfolio programming is furthermore based on a mean risk model (Markowitz 
1959, 1987) and a multi attribute value function, especially subsets of these models: a mean 
lower semi absolute deviation model (LSAD; see Ogryczak and Ruszsynski 1999) and a mean 
expected downside risk model or mean EDR model (see Eppen et al. 1989). 
In contrast to earlier approaches in decision analysis the CPP concentrates on: 
- States of nature to capture exogenous uncertainties. 
-  Dynamic state variables to model resources. 
- The risk attitude of the decision maker. 
The CPP model is based on constraints and an objective function. These are defined based on 
resource types, a state tree and project specific decision trees.  
Constraints 
- Decision consistency constraints 
- Resource constraints 
- Optional constraints 
- Deviation constraints 
Objective function, the investor maximises her terminal wealth level: 
- Linear preference model 
- Risk measures 
- Mean risk model 
The following part explains the required approach towards resources, state trees and projects, 
then discusses the models constraints and its objective function. 
                                                
8 Cf. Gustafsson and Salo, Systems Analysis Laboratory Research Reports, 2005, page 3 
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2.4 Resources 
Resources are considered as input or output, which are consumed or produced by projects. In 
general, a resource can be any asset in which the decision maker is interested. 
r = a resource type 
R = the set of all resource types 
2.5 States of Nature 
“The time-state model of CPP is a state tree that represents the structure of future states of 
nature”9 Each state remains on the same period within the planning horizon t. 
t = 0,...,T{ }   
S is the set of all states and St denotes the set of states in period t. 
 S = Stt=0
T  
t(s) denotes the time period of a state s ∈ S . In period 0 the state tree starts with a single base 
state S0. “Each state, s'∈St-1,  0  <  t  ≤  T, is followed by at least one state s ∈ St . This relation-
ship is modelled by the function B:S→S, which returns the unique (immediate) predecessor 
s'∈St-1 of state s∈St,  t>0  (by convention, B s0 =s0). The nth predecessor of s∈St,t>0 is de-
fined recursively by Bn s =B(Bn-1 s ), where B0 s =s. This function can be used to obtain the 
states on a path from the base state 𝑠! to state s. These states, together with state s, are con-
tained in SB s = s'∈S | ∃k≥0 such that Bk s =s' .”10 
States are the results of uncertain events, for example market fluctuations.  
“The probability that state s ∈ St (t > 0)  obtains, subject to the assumption that its predecessor 
B(s) has occurred, is given by the conditional probability pB(s)(s). 
                                                
9 Cf. Gustafsson and Salo, Operations Research, 2005, page 950 
10 Cf. Gustafsson and Salo, Operations Research , 2005 page 950 
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The base state s0 occurs with probability one → P(s0)=1. 
Unconditional probabilities for the other states s ∈ St, t > 0 , are computed recursively from 
the equation p s =pB s (s)·p(B s ).”
11     
2.6 Projects 
Decision points and resource flows describe projects.  
Decision Points: 
The decision opportunities are structured as decision trees, the nodes are the decision points 
and at the decision points the decision maker takes decisions on single projects. At each deci-
sion point the decision maker knows the status s(d)∈ S assigned and action taken at previous 
stages of the individual project. Each decision point has one unique parent action, meaning a 
consistent tree is assumed.  
Following notations will be used: 
z for projects, where z ∈ Z  
Dz for the set of decision points, d ∈ Dz  
a as the action which can be taken at a decision point, a ∈ Ad  
d(a) is the decision point where action a can be taken. 
dz0 is the first decision point of project z 
For each action a there is one action variable Xa. If it is decided to continue the project X=1 if 
not, X=0. 
Xz describes a project management strategy defined by the action variables associated with 
the decision points of project z. 
                                                
11 Cf. Gustafsson and Salo, Operations Research, 2005 page 950 
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X describes the portfolio management strategy as the decision maker’s plan of action for all 
projects and all states. 
Resource Flows 
“The project management strategy Xz induces the resource flow RFzr(Xz,s) of resource type r 
in state s. Letting car(s) denote the flow of resource type r in state s due to the action a, this 
flow is given by 
 RFzr (Xz, s) = car (s) ⋅Xa
a∈Ad
∑
d∈Dz ;s(d )∈SB (s)
∑   
Where the restriction in the summation of decision points ensures that the actions influence 
resource flows only in the current state and relevant future states. The aggregate resource flow 
RFr(X,s) in state s is obtained by adding the flows for all projects: e.g. 
RFr X,s = RFzr
z∈Z Xz,s = car (s)·Xaa∈Add∈Dz:
s(d)∈SB(s)z∈Z
. ”12 
In the analysed model, linear action variables are used, which means that interactions like 
synergies within the projects are not considered. 
2.7 Constraints 
The CPP has 4 major categories of constraints. They are: decision contingency constraints, 
resource constraints, optional constraints and deviation constraints. 
Decision Consistency Constraints 
“Decision consistency constraints implement the projects’ decision trees. They require that (i) 
at each decision point at which the investor arrives, only one action is selected, and that (ii) at 
each decision point at which the investor does not arrive, no action is taken, implying that the 
point does not incur any cash flows.”13 
                                                
12 Cf. Gustafsson and Salo, Operations Research, 2005, page 950 
13 Cf. Gustafsson and Salo, Systems Analysis Laboratory Research Reports, 2005, page 11 
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At each decision point, the number of available actions from which you can choose is the 
same as the number available at the parent action’s decision point, except starting node or 
base decision point dz0. The decision maker can choose only one of the alternatives for each 
project at each decision point. 
Lz is the number of selected actions 
Xa = Lz
a∈Adz0
∑ ∀z ∈ Z ∀z ∈ Z ,         (1) 
Xa = Xap(d )
a∈Adz0
∑ ∀d ∈ Dz \ dz0{ }∀z ∈ Z       (2) 
Resource Constraints 
“Budget constraints ensure that there is a nonnegative amount of cash in each state. They can 
be implemented using continuous cash surplus variables CSω, which measure the amount of 
cash in state ω.”14 In Gustafsson and Salo15 the notation Vs is used instead of CSω and s in-
stead of ω. 
Resource constraints are required to ensure that no more is spent than is available. They are 
modelled through resource surpluses in state s ∈ S . The surplus of portfolio strategy X of re-
source type r in state s ∈ S is  
∀s ∈ S \ s0{ }∀r ∈ R . 
Where b is the initial stock of resource r in state s ∈ S and αB(s)→sr is the rate at which the sur-
plus in state B(s) is transferred to s. “The transfer rate may depend on the resource type, e.g. 
for money it can be (1+risk free interest rate). The resource variables RSsr are continuous, for 
a given portfolio strategy X, they can be solved using following constraints.”16 
RFr (X, s0 )− RSs0r = −br (s0 ) ∀r ∈ R  
                                                
14 Cf. Gustafsson and Salo, Systems Analysis Laboratory Research Reports, 2005, page 11 
15 Cf. Gustafsson and Salo, Operations Research, 2005 
16 Cf. Gustafsson and Salo, Operations Research, 2005, page 951 
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RFr (X, s)+αB(s)→sr ⋅RSB(s)r − RSsr = −br (s) ∀s ∈ S \ s0{ }∀r ∈ R  
Resource surplus constraints are usually nonnegative. This can be changed if for example the 
borrowing of funds should be allowed. 
Optional constraints 
Within the optional constraints any kind of additional restrictions can be incorporated, e.g. 
should 2 similar projects arrive at a specific decision node, only one could be continued. 
2.8 Objective Function 
 
The decision maker’s aim is to maximise the utility at the final resource position.  
maxU X[ ]  
“Where U denotes the decision maker’s preference functional and X is the value of the re-
source position in period T.  
Under expected utility theory, the preference functional is given by  
U X[ ] = E u(X)[ ] , where u is the decision maker’s von Neumann-Morgenstern utility func-
tion.”17  
 
Three types of constraints are forced on the model:  
• Budget constraints,  
• Decision consistency constraints, and  
• Risk constraints, which apply to risk-constrained models only. 
Linear Preference Model 
Focus is on two special cases in which the objective function is used to implement a reasona-
ble model of risk aversion, which leads to a linear programming model. 
                                                
17 Cf. Gustafsson and Salo, Operations Research, 2005, page 951 
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“It is assumed that the decision maker’s preference functional can be approximated as a mean 
risk model. We also assume that the value of the final resource position is firstly additive with 
regard to the resource types, and secondly linear with respect to the amount of surplus of each 
resource. For a given state, the total value of resource surpluses can be obtained by associat-
ing state-dependent weights wsr with each resource type. These weights can be interpreted as 
unit prices so that the monetary value of resource surpluses in state s is given by 
Vs RS( ) = wsr
r∈R
∑ RSsr , 
where RSs is the vector of all RSsrs related to s and wsr is the unit price of resource type r in 
state s ∈ ST . The expected (monetary) value of the terminal resource position is thus given by  
EVT (RST ) = p(s) ⋅Vs (RSs ) = p(s) ⋅ wsr ⋅RSsr
r∈R
∑
s∈ST
∑
s∈ST
∑    (3) 
where RST is a vector of all RSsrs for which r ∈ R and s ∈ ST .”18 
Risk Measures Including Deviation Constraints 
The measures used to analyse risk are: an expected downside risk (EDR) model, and a lower 
semi absolute deviation (LSAD) model. The EDR model was introduced by Eppen et al. 
1989. “In situations involving large amounts of capital, a decision maker may set a target val-
ue for the desired profit. The risk associated with a decision is then measured by the failure to 
meet the target profit.”19 
𝐸DR X = p x x-t = p(x)(t-x)
all x:
x<t
all x:
x<t
 
p(x) denotes the probability mass function of X.  
t stands for the target value from which deviations are computed.  
When the target value is equal to the expression s ∈ ST t = µx = E X[ ]   
                                                
18 Cf. Gustafsson and Salo, Operations Research, 2005, page 951 
19 Cf. Eppen et al., 1989, page 523 
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LSAD X[ ] = p(x) x −µx = p(x)(µx − x).
allx;x<µx
∑
allx;x<µx
∑   
 “Both measures can be calculated from deviation constraints as follows. Let ΔVs+ and ΔVs− be 
nonnegative deviation variables that measure how much the total value of the resource sur-
pluses in state s ∈ ST (i.e., Vs) differs from the risk measure’s target value t. For EDR, these 
variables satisfy the equations 
Vs (RSt )− t −ΔVs+ +ΔVs− = 0 ∀s ∈ ST        (4) 
where only one of the ΔVs+ and ΔVs− can be positive, because ΔVs−  has a negative coefficient 
in the objective function.  
The EDR of the value of the final resource position is given by the sum 
p(s) ⋅ ΔVs−
s∈ST
∑              (5) 
The LSAD measure can be computed by using t=EVT(RST) in (4) instead of a fixed target 
value t. This leads to 
Vs RSs( )−EVT (RST )−ΔVs+ +ΔVs− = 0 ∀s ∈ ST     (6) 
wherafter the LSAD can be obtained form (5).”20 
Mean Risk Model 
The objective function can now be stated in the mean risk form 
maxEV (RST )
T
∑ − RPT (ΔVT− ) ,        (7) 
where EVT is defined by equation (3), and RPT(ΔVs− ) is given by 
RPT (ΔVT− ) = λ p(s) ⋅ ΔVs−
s∈ST
∑          (8) 
                                                
20 Cf. Gustafsson and Salo, Operations Research 2005, page 952 
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λ   denotes a trade off coefficient between the risk and the mean 
“Mean-risk approaches are based on comparing two scalar characteristics (summary statis-
tics), the first of which - denoted 𝜇 represents the expected outcome (reward), and the second 
- denoted r – is some measure of risk.” 21 
0<λ≤α  
”In particular, for the risk measure r defined as the absolute semi deviation (1) or standard 
semideviation (2), the constant 𝛼 turns out to be equal to 1.” 22 
“Deviation variables ΔVs− terms are obtained either from (4) (EDR) or (6)(LSAD). When the 
mean –risk model gives a certainty equivalent for a random variable, like the mean-LSAD 
model does, RPT can be interpreted as the decision maker’s risk premium. By substituting 
equations (3) and (8) into (7), the objective function becomes.”23 
max p(s)
s∈ST
∑ wsr
r∈R
∑ ⋅RSsr −λ ⋅ ΔVs−
&
'
(
)
*
+
&
'
((
)
*
++ . 
𝝆 Risk adjusted discount rate accounts for time and risk preferences and is calculated using 
the formula: 
EV/1(1+ρ)2=CE/ 1+rf
2 
ρ= 1+rf EV/CE-1 
                                                
21 Cf. Ogryczak and Ruszczynski, 1999, page 35 
22 Cf. Ogryczak and Ruszczynski, 1999, page 35 
23 Cf. Gustafsson and Salo, Operations Research, 2005, page 952 
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3 Excursus on Planning - and Project Portfolio Theory 
This chapter analyses the necessary environment for the application of the model and defines 
where and how the model can be applied within a company’s decision making process. 
 “A physical portfolio is essentially a binder or folder in which some related documents are 
carried together, a meaning which arises from the Latin roots port (carry) and folio (leaf or 
sheet). Likewise, an investment portfolio is a set of individual investments which a person or 
a firm considers as a group, while a project portfolio is a set of projects considered as a 
group.”24 
The project selection is embedded within management processes where it is influenced main-
ly by top down and bottom up planning processes.  
“A portfolio decision process should frame the decision problem by defining what is in the 
portfolio under consideration and what can be considered separately, who is to decide, and 
what resources are available for allocation. ”25 
Top down planning process are: setting company strategies, defining major areas for invest-
ments, setting the limitations on resources and defining the expected benefits.  
Bottom up planning processes, on the other hand comprise of: identifying all the business’s 
demand for bottom up planning, selecting ideas, formulating and evaluating potential projects, 
and optimising resource utilisation within the boundaries imposed by top down planning.  
Planning processes in both directions – top down and bottom up – result in investment deci-
sions having to be made, which will be supported by the analysed model. 
“Resource allocation decisions often involve decision makers at different levels of the organi-
zation with differentiated roles and responsibilities, which leads to the question of how portfo-
lio decision analysis (PDA) activities at different levels can be best interlinked. For instance, 
PDA activities may focus on strategic and long-term perspectives that provide “top-down” 
guidance for operational and medium-term activities. But one can also build “bottom-up” 
processes where individual departments first carry out their own PDA processes to generate 
inputs that are taken forward to higher levels of decision within corporate management teams 
                                                
24 Cf. Salo, Keisler and Morton, 2011, page 31 
25 Cf. Salo, Keisler and Morton, 2011, page 30 
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or executive boards. Such processes can be complementary, which means that the design of a 
process that is most appropriate for a given organization calls for careful consideration. ”26 
In the following, the method of project selection will be analysed from several points of view 
to ensure that the preconditions for the successful application of the model are adequately 
recognised and met. 
The following 3 concepts will be used to elaborate the required environment for the applica-
tion of the model: 
1) Research and development investments, Brockhoff (1999)27 
2) Preconditions for a successful project portfolio management implementation; Kendall 
and Rollins (2003)28 
3) Focus on processes for investment decisions to optimise IT enabled business invest-
ments, Control objective for information and related technology (COBIT 4.1), 200729 
and IT Value Delivery (Val IT), 200430 
3.1 Research and Development Investments 
The first approach is derived from the analysis of the “research and development - planning 
and controlling” approach described in Brockhoff (1999)31.  
Brockhoff is mainly addressing Research and Development investments, but this approach 
could also be used for the making of broader investment decisions. The following terms are to 
be differentiated32: 
• “Basic principles’ planning” is the planning level at which the decision to invest at 
all will be made. 
• “Strategic planning” is setting qualitative basic conditions for project selection in 
tactical planning. 
                                                
26 Cf. Salo, Keisler and Morton, 2011, page 19 
27 Cf. Brockhoff, 1999 
28 Cf. Kendall and Rollins, 2003 
29 Cf. COBIT, 2007 
30 Cf. Val IT, 2006 
31 Cf. Brockhoff, 1999 
32 Cf. Brockhoff, 1999, page 150 
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• “Operational planning” deals with the resource restrictions, which are the result of 
tactical planning and bottom up planning. On the other hand the availability of fu-
ture resources in the future will be strongly influenced by the demand generated by 
tactical planning. 
• “Tactical Planning” covers processes ranging from collecting and evaluating ideas, 
through pre selection and selecting and evaluating project proposals, to project ex-
ecution and controlling.  
Figure 3 describes the interdependencies of the different planning levels. The counter flow 
of the bottom up and the top down planning is illustrated on the upper left section. The 
section on the right of the figure shows the necessary interaction between other areas of 
the company surveyed. The lower left section shows the support effort provided by the 
controlling unit in the different planning phases. 
 
Figure 3: Schema of planning dependencies.  
Source: Cf. Brockhoff, 1999, page 150 
 
At the operational planning stage, Brockhoff places special emphasis on budget planning dif-
ferentiated to the human resource (HR) planning. Human resource planning includes a base-
Basic principles planning 
Strategic planning 
Operational planning 
Tactical planning 
Planning- and realization support by R&D 
controlling 
Planning of other areas 
Strategic planning 
Operational planning 
Tactical planning 
Top$down$ B
o)
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$up
$
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line level for the standard amount of R&D. It also considers the increased demand derived 
from requirements of strategic importance. This is illustrated in the next figure: 
 
 
Figure 4: Illustration of planning correlations 
Source: Cf. Brockhoff, 1999, page 322 
In the subsequent chapters, the terminology introduced by Brockhoff, which relates to the 
planning phases will be kept. 
3.2 Project Portfolio Management 
The description of a project portfolio management function as a supporting set of roles and 
responsibilities to be established to support investment decisions, gives a different perspective 
from which we can elaborate on the requirements for creating appropriate project selection 
processes. Kendall, Gerald, I. and Rollins, Steven, C. (2003); provided33 a detailed roadmap of 
how to implement a project portfolio management office in order to improve investment deci-
sions. 
Figure 5 gives an overview of all the major preconditions and dependencies, which need to be 
implemented. It begins by developing the company’s strategies. From those goals, resource 
                                                
33 Cf. Kendall and Rollins, 2003 
Strategic planning 
Operational planning: 
Budget definition 
Tactical planning: 
Plannig of program 
Project evaluation 
Operational planning: 
Resource (HR) planning 
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and asset portfolios are defined. Assets, in this case, refer to human capital. Selected projects 
will be evaluated and ranked based on their strategic fit, benefits, costs and risks. Company’s 
management is in charge of setting the framework (top down), and then validating and adjust-
ing that framework based on the changes happening. The project management office facili-
tates the processes, ensures good communication, prepares decisions, tracks and monitors 
execution and delivers decision material if the plans are changed. 
 
 
Figure 5: The portfolio management process. 
Source: Cf. Kendall, Rollins, 2003, page 169 
3.3 COBIT 4.1 and Val IT 
COBIT (Control objective for information and related technology), is an international stand-
ard framework and supporting toolset that allows managers to bridge the gap between control 
requirements, technical issues and business risks. 
Because the financial industry usually connects investment decisions in terms of innovation to 
IT investment, this framework seems to be appropriate. 
It was created by ISACA (Information Systems Audit and Control Association), which is an 
international professional association that deals with IT Governance.  
COBIT defines 34 processes for IT. It defines and aligns business targets with IT targets and 
processes. 
Business strategy 
Project management 
office 
Management Management 
Goals 
portfolio 
Project 
portfolio 
Ressource 
portfolio Asset portfolio 
Plan and execute Validate and adjust 
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Val IT (IT Value Delivery) is a governance framework that can be used to create business 
value from IT investments. It consists of guiding principles, processes and best practices to 
support and help executive management and boards at an enterprise level. 
The latest release of the framework was published by IT Governance Institute (ITGI) was 
named Enterprise Value: Governance of IT Investments, The Val IT Framework 2.0. 
Val IT is enhancing the COBIT approach to a company governance framework. 
3.3.1 COBIT 4.1 
“Every enterprise uses IT to enable business initiatives, and these can be represented as busi-
ness goals for IT.“34 
COBIT is split into 4 domains “Plan and Organise”, “Acquire and Implement”, “Deliver and 
Support” and “Monitor and Evaluate”, see Figure 6.  
The important one for the implementation of the model is “Plan and organise (PO)” 
Within the “Plan and organise” 35 domain there are 10 processes defined: 
PO1 Define a Strategic IT Plan  
PO2 Define the Information Architecture  
PO3 Determine Technological Direction  
PO4 Define the IT Processes, Organisation and Relationships  
PO5 Manage the IT Investment  
PO6 Communicate Management Aims and Direction  
PO7 Manage IT Human Resources  
PO8 Manage Quality  
PO9 Assess and Manage IT Risks  
PO10 Manage Projects  
Two processes from the “Plan and organise” domain will be used to describe together with 
Val IT the conditions for the application of the CPP model. 
PO1 Define a Strategic IT Plan  
PO5 Manage the IT Investment  
                                                
34 Cf. COBIT, 2007, page 11 
35 Cf. COBIT, 2007, page 28 
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Figure 6: Overall COBIT framework 
Source: Cf. COBIT, 2007, page 24 
 
 
 
 
 
COBIT 4.1
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PO1   Define a strategic IT plan.
PO2   Define the information architecture.
PO3   Determine technological direction.
PO4   Define the IT processes, organisation and relationships.
PO5   Manage the IT investment.
PO6   Communicate management aims and direction.
PO7   Manage IT human resources.
PO8   Manage quality.
PO9   Assess and manage IT risks.
PO10 Manage projects.
AI1 Identify automated solutions.
AI2 Acquire and maintain application software.
AI3 Acquire and maintain technology infrastructure. 
AI4 Enable operation and use. 
AI5 Procure IT resources. 
AI6 Manage changes.
AI7 Install and accredit solutions and changes. 
DS1   Define and manage service levels. 
DS2   Manage third-party services.
DS3   Manage performance and capacity.
DS4   Ensure continuous service. 
DS5   Ensure systems security.
DS6   Identify and allocate costs.
DS7   Educate and train users. 
DS8   Manage service desk and incidents. 
DS9   Manage the configuration.
DS10 Manage problems. 
DS11 Manage data. 
DS12 Manage the physical environment. 
DS13 Manage operations.
ME1 Monitor and evaluate IT performance. 
ME2 Monitor and evaluate internal control.
ME3 Ensure compliance with external requirements.
ME4 Provide IT governance. 
Effectiveness
Efficiency
Confidentiality
Integrity
Availability
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Reliability
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Figure 23—Overall COBIT Framework
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Figure 24—COBIT Framework and IT Governance Focus Areas
Figure 24 summarises how the various elements of the COBIT framework map onto the IT governance focus areas.
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Process PO1 Define a Strategic IT Plan  
„IT strategic planning is required to manage and direct all IT resources in line with the busi-
ness strategy and priorities. The IT function and business stakeholders are responsible for 
ensuring that optimal value is realised from project and service portfolios. The strategic plan 
improves key stakeholders’ understanding of IT opportunities and limitations, assesses cur-
rent performance, identifies capacity and human resource requirements, and clarifies the level 
of investment required. The business strategy and priorities are to be reflected in portfolios 
and executed by the IT tactical plan(s), which specifies concise objectives, action plans and 
tasks that are understood and accepted by both business and IT.“36 
“PO1 Define a Strategic IT Plan” is explained in more detail by the following control objec-
tives: 
PO1.1 IT Value Management 
“Work with the business to ensure that the enterprise portfolio of IT-enabled investments 
contains programmes that have solid business cases. Recognise that there are mandatory, 
sustaining and discretionary investments that differ in complexity and degree of freedom 
in allocating funds. IT processes should provide effective and efficient delivery of the IT 
components of programmes and early warning of any deviations from plan, including 
cost, schedule or functionality, that might impact the expected outcomes of the pro-
grammes. IT services should be executed against equitable and enforceable service level 
agreements (SLAs). Accountability for achieving the benefits and controlling the costs 
should be clearly assigned and monitored. Establish fair, transparent, repeatable and com-
parable evaluation of business cases, including financial worth, the risk of not delivering a 
capability and the risk of not realising the expected benefits.”37 
PO1.2 Business-IT Alignment 
“Establish processes of bi-directional education and reciprocal involvement in strategic 
planning to achieve business and IT alignment and integration. Mediate between business 
and IT imperatives so priorities can be mutually agreed.”38 
 
                                                
36 Cf. COBIT, 2007, page 29 
37 Cf. COBIT, 2007, page 30 
38 Cf. COBIT, 2007, page 30 
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PO1.3 Assessment of Current Capability and Performance 
“Assess the current capability and performance of solution and service delivery to estab-
lish a baseline against which future requirements can be compared. Define performance in 
terms of IT’s contribution to business objectives, functionality, stability, complexity, 
costs, strengths and weaknesses.”39 
PO1.4 IT Strategic Plan 
“Create a strategic plan that defines, in co-operation with relevant stakeholders, how IT 
goals will contribute to the enterprise’s strategic objectives and related costs and risks. It 
should include how IT will support IT-enabled investment programmes, IT services and 
IT assets. IT should define how the objectives will be met, the measurements to be used 
and the procedures to obtain formal sign-off from the stakeholders. The IT strategic plan 
should cover investment/operational budget, funding sources, sourcing strategy, acquisi-
tion strategy, and legal and regulatory requirements. The strategic plan should be suffi-
ciently detailed to allow for the definition of tactical IT plans.”40 
PO1.5 IT Tactical Plans 
“Create a portfolio of tactical IT plans that are derived from the IT strategic plan. The tac-
tical plans should address IT-enabled programme investments, IT services and IT assets. 
The tactical plans should describe required IT initiatives, resource requirements, and how 
the use of resources and achievement of benefits will be monitored and managed. The tac-
tical plans should be sufficiently detailed to allow the definition of project plans. Actively 
manage the set of tactical IT plans and initiatives through analysis of project and service 
portfolios.”41 
PO1.6 IT Portfolio Management 
“Actively manage with the business the portfolio of IT-enabled investment programmes 
required to achieve specific strategic business objectives by identifying, defining, evaluat-
ing, prioritising, selecting, initiating, managing and controlling programmes. This should 
                                                
39 Cf. COBIT, 2007, page 30 
40 Cf. COBIT, 2007, page 30 
41 Cf. COBIT, 2007, page 30 
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include clarifying desired business outcomes, ensuring that programme objectives support 
achievement of the outcomes, understanding the full scope of effort required to achieve 
the outcomes, assigning clear accountability with supporting measures, defining projects 
within the programme, allocating resources and funding, delegating authority, and com-
missioning required projects at programme launch.”42 
In order to add the responsibilities to the described processes the major activities are de-
scribed in a responsibility (RACI) matrix. It shows, for each specific activity exactly who is 
responsible for what. 
 
Figure 7: P01 RACI chart 
Source: Cf. COBIT, 2007, page 31 
 
Process “PO5 Manage the IT Investment”: 
“A framework is established and maintained to manage IT-enabled investment programmes 
and that encompasses cost, benefits, prioritisation within budget, a formal budgeting process 
and management against the budget. Stakeholders are consulted to identify and control the 
total costs and benefits within the context of the IT strategic and tactical plans, and initiate 
corrective action where needed. The process fosters partnership between IT and business 
stakeholders; enables the effective and efficient use of IT resources; and provides transparen-
cy and accountability into the total cost of ownership (TCO), the realisation of business bene-
                                                
42 Cf. COBIT, 2007, page 30 
31© 2007 IT Governance Institute. All rights reserved. www.itgi.org
MANAGEMENT GUIDELINES
Goals and Metrics
From Inputs
PO5 Cost-benefits reports
PO9 Risk assessment
PO10 Updated IT project portfolio
DS1 New/updated service requirements;
updated IT service portfolio
* Business strategy and priorities
* Programme portfolio
ME1 Performance input to IT planning
ME4 Report on IT governance status; 
enterprise strategic direction for IT
* Inputs from outside COBIT
Outputs To
Strategic IT plan PO8 PO9 AI1 DS1
Tactical IT plans PO9 AI1 DS1
IT project portfolio PO5 PO6 PO10 AI6
IT service portfolio PO5 PO6 PO9 DS1
IT sourcing strategy DS2
IT acquisition strategy AI5
• Delay between updates of business
strategic/tactical plans and updates of IT
strategic/tactical plans
• Percent of strategic/tactical IT plans
meetings where business representatives
have actively participated
• Delay between updates of IT strategic
plan and updates of IT tactical plans
• Percent of tactical IT plans complying with
the predefined structure/contents of those
plans
• P rcent of IT initiati es/projects
championed by business owners
• Degree of approval of business owners of
the IT strategic/tactical plans
• Degree of compliance with business and
gover ance requirements
• Level of business satisfaction with the
current state (number, scope, etc.) of the
project and applications portfolio
• Percent of IT objectives in the IT
strategic plan that support the strategic
business plan
• Percent of IT initiatives in the IT ta tical
plan that support the tactical business
plans
• Percent of IT projects in the IT project
portfolio that can be directly traced back
to the IT tactical plans
Activities
• Engaging with business and senior
management in aligning IT strategic
planning with current and future business
needs
• Understanding current IT capabilities
• Providing for a prioritisation scheme for
the business objectives that quantifies the
business requirements
• Translating IT strategic planning into
tactical plans
IT
• Respond to business requirements in
alignment with the business strategy.
• Respond to governance requirements in
line with board direction.
Process
• Define how business requirements are
translated in service offerings. 
• Define the strategy to deliver service
offerings.
• Contribute to the management of the
portfolio of IT-enabled business
investments.
• Establish clarity regarding the business impact
of risks on IT objectives and resources.
• Provide transparency and understanding
of IT costs, benefits, strategy, policies
and ervice levels.
Activities
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Link business goals to IT goals. C I A/R R C
Identify critical dependencies and current performance. C C R A/R C C C C C  C
Build an IT strategic plan. A C C R I C C C C I C
Build IT tactical plans. C I  A C C C C C R I
Analyse programme portfolios and manage project and service portfolios. C I I A R R C R C C I
A RACI chart identifies who is Responsible, Accountable, Consulted and/or Informed. 
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fits and the ROI of IT-enabled investments.”43 
Process “PO5 Manage the IT Investment” is described in more details by the following con-
trol objectives: 
PO5.1 Financial Management Framework 
“Establish and maintain a financial framework to manage the investment and cost of IT 
assets and services through portfolios of IT- enabled investments, business cases and IT 
budgets.”44 
PO5.2 Prioritisation Within IT Budget 
“Implement a decision-making process to prioritise the allocation of IT resources for op-
erations, projects and maintenance to maximise IT’s contribution to optimising the return 
on the enterprise’s portfolio of IT-enabled investment programmes and other IT services 
and assets.”45 
PO5.3 IT Budgeting 
“Establish and implement practices to prepare a budget reflecting the priorities established 
by the enterprise’s portfolio of IT-enabled investment programmes, and including the on-
going costs of operating and maintaining the current infrastructure. The practices should 
support development of an overall IT budget as well as development of budgets for indi-
vidual programmes, with specific emphasis on the IT components of those programmes. 
The practices should allow for on-going review, refinement and approval of the overall 
budget and the budgets for individual programmes.”46 
PO5.4 Cost Management 
“Implement a cost management process comparing actual costs to budgets. Costs should 
be monitored and reported. Where there are deviations, these should be identified in a 
timely manner and the impact of those deviations on programmes should be assessed. To-
gether with the business sponsor of those programmes, appropriate remedial action should 
                                                
43 Cf. COBIT, 2007, page 45 
44 Cf. COBIT, 2007, page 49 
45 Cf. COBIT, 2007, page 49 
46 Cf. COBIT, 2007, page 49 
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be taken and, if necessary, the programme business case should be updated.”47 
PO5.5 Benefit Management 
“Implement a process to monitor the benefits from providing and maintaining appropriate 
IT capabilities. IT’s contribution to the business, either as a component of IT-enabled in-
vestment programmes or as part of regular operational support, should be identified and 
documented in a business case, agreed to, monitored and reported. Reports should be re-
viewed and, where there are opportunities to improve IT’s contribution, appropriate ac-
tions should be defined and taken. Where changes in IT’s contribution impact the pro-
gramme, or where changes to other related projects impact the programme, the pro-
gramme business case should be updated.”48 
The major activities and assigned responsibilities are described in figure 8. 
 
Figure 8: P05 RACI chart 
Source: Cf. COBIT, 2007, page 49 
 
3.3.2 Val IT 
A slightly different approach is used in the Val IT framework. Val IT aims to improve deci-
sions about investing in business and IT.  
“Val IT extends and compliments the COBIT (Control objectives for IT) framework by three 
                                                
47 Cf. COBIT, 2007, page 49 
48 Cf. COBIT, 2007, page 49 
49© 2007 IT Governance Institute. All rights reserved. www.itgi.org
MANAGEMENT GUIDELINES
Goals and Metrics
PO1 Strategic plan and tactical IT plans,
project and service portfolios
PO3 Infrastructure requirements
PO10 Updated IT project portfolio
AI1 Business requirements feasibility study
AI7 Post-implementation reviews
DS3 Performance and capacity plan
(requirements)
DS6 IT financials
ME4 Expected business outcome of IT-
enabled business investments
Cost-benefit reports PO1 AI2 DS6 ME1 ME4
IT budgets DS6
Updated IT service portfolio DS1
Updated IT project portfolio PO10
• Percent of projects with the benefit
defined up front
• Percent of IT services whose costs 
are recorded
• Percent of projects with a post-project
review
• Frequency of benefit reporting
• Percent of projects where performance
information (e.g., cost performance,
schedule performance, risk profile) is
available
• Percent of IT investments exceeding or
meeting the predefined business benefit
• Percent of IT value drivers mapped to
business value drivers
• Percent of IT spend expressed in business
value drivers (e.g., sales increase due to
increased connectivity)
• Number of budget deviations
• Percent of budget deviation value
compared to the total budget
• Percent reduction of the unit cost of the
delivered IT services
• Percent of IT investments delivering
predefined benefits 
Activities
• Defining formal investment criteria (ROI,
payback period, NPV) 
• Forecasting and allocating budgets
• Measuring and assessing business value
against forecast
IT
• Improve IT’s cost-efficiency and its
contribution to business profitability.
• Ensure transparency and understanding of
IT costs, benefits, strategy, policies and
service levels.
• Ensure that IT demonstrates cost-efficient
service quality, continuous improvement
and readiness for future change.
Process
• Enable IT investment and portfolio
decisions.
• Set and track IT budgets in line with IT
strategy and IT investment decisions.
• Optimise IT costs and maximise 
IT benefits.
Maintain the programme portfolio. A R R R C     I I
Maintain the project portfolio. I C A/R A/R C  C C  C I
Maintain the service portfolio. I C A/R A/R C C    C I 
Establish and maintain the IT budgeting process. I C C A  C C C R C
Identify, communicate and monitor IT investments, cost and value to the business. I C C A/R  C C C R C C
Activities
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processes: value governance, portfolio management and investment management.”49 COBIT 
is a framework issued by ISACA for information technology (IT) management and IT Gov-
ernance. It provides a toolset for managers to bridge the gap between control requirements, 
technical issues and business risks. 
Figure 9 provides an overview of the Val IT core process. As with top down and bottom up 
planning addressed in chapter 3.1, 3.2 and 3.3.1 – the focus of Val IT is on the project selec-
tion process. The model is linked to the process “IM4 Perform Alternatives Analysis”.  
IM4 Perform Alternatives Analysis is explained as follows: 
“Identify alternative courses of action to achieve benefits, costs, risks and timing for each 
identified course of action. Select the course of action that has the highest potential value, 
at an affordable cost with an acceptable level of risk. Document the rationale for recom-
mending the selected courses of action, and the IT function should assess the technical 
impact.”50  
The responsibility is proposed as business areas accountable and responsible, IT as consulting 
(see figure 7 and 8). 
                                                
49 Cf. Val IT, 2006, page 6f 
50 Cf. Val IT, 2006, page 27 
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Figure 9: The Val IT framework. 
Source: Cf. Val IT, 2006, page 17 
It is important to understand that although the processes are shown as a sequence they have 
dependencies, which should be followed in parallel and iteratively. 
 
 
 
 
 
 
 
Value&
Governance&
(VG)&
Por0olio&
Management&
(PM)&
Investment&
Management&
(IM)&
VG1  Ensure informed & and committed leadership. 
VG2  Define and implement processes. 
VG3  Define Roles and Responsibilities. 
VG4  Ensure appropriate and accepted accountability. 
VG5  Define information requirements 
VG6  Establish reporting requirements. 
VG7  Establish organizational structures. 
VG8  Establish strategic direction. 
VG9  Define investment categories. 
VG10 Determine a target portfolio mix. 
VG11 Define evaluation criteria by category.  
PM1 Maintain a human resource inventory 
PM2 Identify resource requirements 
PM3 Perform a gap analysis 
PM4 Develop a resourcing plan 
PM5 Monitor resource requirements and utilisation 
PM6 Establish an investment threshold. 
PM7 Evaluate the initial programme concept business case. 
PM8 Evaluate and assign a relative score to the program business 
case. 
PM9 Create an overall portfolio view. 
PM10 Make and communicate the investment decision. 
PM11 Stage – gate and fund selected programmes. 
PM12 Optimize portfolio performance 
PM13 Re-prioritize the portfolio 
PM14 Monitor and report on portfolio performance 
IM1 Develop a high level definition of investment opportunities 
IM2 Develop an initial programme concept business case 
IM3 Develop a clear understanding of candidate programmes. 
IM4 Perform alternatives analysis. 
IM5 Develop a programme plan. 
IM6 Develop a benefits realization plan. 
IM7 Identify full life cycle costs and benefits. 
IM8 Develop a detailed programme business case 
IM9 Assign clear accountability and ownership. 
IM10 Initiate, plan and launch the programme. 
IM11 Manage the programme. 
IM12 Mange / track benefits. 
IM13 Update the business case. 
IM14 Monitor an report on programme performance. 
IM15 Retire the programme. 
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At a high level the interactions could be illustrated as shown in the figure 10: 
 
Figure 10: Relationship amongst VAL IT Processes and management practices 
Source: Cf. Val IT, 2006, page 18 
 
3.4 Derived Framework for the Model Implementation 
Finally, all analysed approaches describe in a similar way the major cornerstones that have to 
be in place in order to make good investment decisions for new projects.  
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IM11-12 IM14 IM15 
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The structure of the summary is based on the planning phases defined by of Brockhoff, de-
scribed in chapter 3.1., which can be used as a check list for the model implementation. 
• Strategic planning: 
o Ensure that there is someone willing to make the decision, take the responsibil-
ity and be accountable for the results. 
o Identify key areas in which to invest. 
o Identify your targets and derive strategies to reach them. 
• Operational planning: 
o Ensure that there are sufficient resources available, in terms of both their quali-
ty and their quantity. 
o Define benefits expectations. 
• Tactical planning: 
o Implement a demand management process that covers collecting ideas, formu-
lating projects and projects evaluation. 
o Perform project portfolio management. 
o Ensure that the project’s progress is monitored and plan deviations will lead to 
actions and decisions on the monitored project and on other projects in the 
portfolio. 
• Top down and bottom up planning. 
o Ensure that the planning process is not a one time and one direction effort. 
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4 The Sample Company’s Situation 
This chapter will describe the surveyed company’s specific situation, the major external and 
internal influences and the current planning and decision making approach. 
Company History 
The evaluated funds Management Company is one of the largest in Austria and was set up as 
a holding with several local daughter companies in Austria and other CEE countries. The 
head office, located in Austria, was founded more then 50 years ago. 
4.1 Factors of Major Influence on Portfolio Decisions 
The company is influenced by many external and internal factors: 
External factors: 
• Market environment: 
The company’s investment strategy changed during the financial crisis of 2007. It 
went from operating in a very fast growing market with a lot of investment possibili-
ties and low cost pressure, to operating in a market that demanded efficiency driven 
changes.  
Currently the Mother Company is evaluating a stronger integration of its CEE daugh-
ter companies on the one hand, while facing a very difficult financial markets envi-
ronment on the other.  
Furthermore a tremendous increase in regulatory restrictions is binding resources, 
which would be required for implementing innovative measures. 
• Corporate governance: 
The company is steered by its supervisory board, which is driven by the biggest own-
er. The supervisory board sets targets. These include the amount of profit to be dis-
tributed to the owner and cost and headcount targets. 
• Legal and regulatory changes: 
Several external regulators bind a major share of the resources by additional obstacles 
like “capital gains”- tax in Austria, the Foreign Account Tax Compliance Act 
(FATCA) issued by the US and other regulations. This burden is, on the one hand lim-
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iting the potential to develop, but on the other hand, regulatory changes like UCITS 4 
(Undertaking for Investments in Transferable Securities release 4) enable centralisa-
tion and changes in the segregation of authorities. This, in turn, allows a start to be 
made on the standardisation and centralisation of business functions. 
Internal factors: 
• Preparation for innovation  
The whole IT infrastructure, which is core to financial institutions ability to support 
innovation, is undergoing change. This will support centralisation across the daughter 
companies and allows 3rd party market enhancements with business and IT services. 
However, this requires strict investment control. 
• Corporate development 
The surveyed organisation is setup as a holding. The change management effort nec-
essary to finalise the corporate structure is consuming a lot of resources. 
The following illustrates the efforts invested in decision making by the company's senior de-
cision makers. Their views were collected in interviews. 
CEO: 
In general, the current focus is on company risk. If there is confidence in our risk mitigation 
measures and a business case study is positive, even projects with long term pay back periods 
are acceptable. A rise in our internal headcount cannot be accepted. Costs have to remain sta-
ble at the level of our cost base in 2010. Additional revenue has to be generated. 
Chief of Sales: 
Sales have to be increased. We have to develop more creativity to ensure that the market de-
velopment can be at least partly compensated by additional business. New services supporting 
the legal & regulatory needs of the clients have to be implemented. 
CFO: 
The market situation leads to cost optimisation requirements. Positive investment decisions 
will only be supported if positive results are forecast in the P&L statements for the next two 
planning periods. 
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COO: 
Based on current market conditions there is high pressure for cost reduction and a greater 
aware of the risks. The general behaviour with regards to risky investments changes from 
having an affinity for risk to demanding a positive impact on the short term Profit & Loss 
statement. The possibilities of increasing the use of internal resources for cheaper project pro-
duction are very limited. There is a focus on adhering to legal and regulatory requirements. 
2 local CEOs 
The focus of our investment should be on creating opportunities to get in closer contact with 
the client. This could be through creating new sales channels, or through investments support-
ing the analysis of the client’s needs and improving the relationship to the clients 
4.2 Company’s Understanding of Innovation 
The companies core business in Austria is based in a very mature market. Change is mainly 
driven by the need for efficiency caused by the overall economic situation. For the local units 
the situation is different, here the variety starts from green field operations in the newer mar-
kets and goes to more well mature operations, like the one in Austria. 
Overall the company is considering the following kinds of innovation: 
• Market innovation (market penetration and market diversification) 
o Market penetration by enhancing the services offered along the company’s 
own value chain like funds management, risk management or reporting 
o Market diversification by  
§ Offering production services to its own subsidiaries, partners and com-
petitors like IT services. 
§ Conquering new markets (countries) 
• Product innovations 
o There is some room for innovation as market needs drive the demand for new 
products like foreign currency hedging of share classes, corporate social re-
sponsibility products or sustainability products. 
 
 34 
• Process innovations 
o Optimisation along the whole value chain, considering processes involving ex-
ternal and internal partners, and realising synergy effects with the mother com-
pany 
• Organisational and or social innovations 
o Change management for forming the individual daughter companies into a 
holding 
o Centralisation of processes 
o Corporate social responsibility (CSR) related innovations like products which 
exclude assets of companies which produce prohibited weapons  
4.3 The Company’s Resource Allocation Approach – Current Status 
This part describes the current approach to planning and decision-making based on the terms 
defined in chapter 3 according to Brockhoff 1999. 
4.3.1 Strategic Planning:  
The vision is derived from the management interviews and states that the company will be the 
number one in the region it serves. The criteria for defining the status number one are factors 
like the ability to offer sustainable investment products, the level of trust shown by clients and 
employees, and quantitative targets like assets under management (AuM) key performance 
indicators (KPIs). 
There exists a “focused planning” which sums up the project proposals, which are derived 
from the major business needs. A central cost committee comprising the management board 
decides regularly on projects based on the overall project portfolio status. 
4.3.2 Operational Planning:  
The supervisory board sets targets like profit contribution for the owner, total cost targets and 
head count targets. From these, the management board of the company derives top down rev-
enue and cost targets, whereas some of the individual business areas prepare a bottom up 
plan. Top down and bottom up will be synchronised in an iterative process. Next step is the 
separation into change- or run the business investments.  
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The costs of all the services, which are already established and have to be delivered in the 
next planning phase, will be cumulated from bottom up. Additionally, new or adopted ser-
vices based on changes in the previous periods will be considered. Any kind of optimisation 
of existing services from the last period will be added.  
The overall available budget will be reduced by the total sum of the investment required to 
run the company. The result is the first budget draft available for innovations. 
4.3.3 Tactical Planning:  
When considering innovations, there are different possibilities for reaching a go or no-go de-
cision. These depend on the size of the effort required. The decision as to whether innovations 
are treated as projects is based on their complexity and the amount of specific effort they 
would require. All new project ideas are collected by the business organisation from the busi-
ness units and are evaluated to an extent that a decision can be made. For this purpose, stand-
ardised project descriptions including business case templates are available. 
Some basic rules are established. For example: no project decision is to be made without IT 
involvement, or project decisions have to be made by the cost committee, which decides on 
the utilisation of the company's resources. The Committee meets on a monthly basis. It con-
sists of the managing board, CFO and CIO. Each meeting is hosted by the CFO. The agenda 
of the meeting consist of two parts: the first part is a standardised status report on all projects 
and services, and the second part consists of deciding on the investments/projects under re-
view. To reach decisions on the projects, standardised decision making material is used. The 
material consists mainly of: the target, defining what is in scope/out of scope, a business case 
(financial evaluation of costs and benefits), and sponsor and funding information. The cost 
committee accepts or rejects based on that information. Project portfolio information on run-
ning projects and projects, which are in the pipeline is prepared as well.  
The discussed CPP model is evaluated whether it is suited to support the decision making 
process at the tactical planning phase. 
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5 Preparation of Missing Input 
The target of this chapter is to develop all prerequisites for the application of the project selec-
tion model as described in Chapter 3.  
The approach used on the specific level of the planning process will be explained and all pa-
rameters defined. 
5.1 Strategic Planning 
Basic planning conditions, as elaborated in chapter 3, have to be established. Strategic plan-
ning sets the cornerstones for the Project Portfolio Management, which should serve as the 
framework for project selection. In the course of the preparation of the strategic planning 
phase key questions have been identified and can be used as a guidelines for strategic plan-
ning. 
• Prepare vision or “where will we be in 2015 - 2017?” 
The following questions can help define the company’s vision: 
o What will be the unique selling proposition (USP) of the company? 
o In which areas will the company be established? (Regions / markets / business 
lines) 
o Which products / services will we offer? 
o How will we produce? 
o How will the market develop? 
o Who will our competitors be? 
o For what will we be competing? 
o In what markets will we compete? 
o What will be the clients’ needs? 
o What will be the legal environment? 
o What will be the sales channels about? 
o What will be the employees about? 
o What is the fundamental purpose of the company? 
o Why does it exist? 
o Who are the customers? 
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o What are the Key Processes? 
• Define measurable and achievable targets 
• Define strategies as the roadmap achieving the Vision or how do they support the 
vision? 
• Prepare KPIs: Define the Key to your business and ensure that its performance is 
measurable and that it will be monitored. The development of the target values has to 
be dependent on the progress towards the vision 
• Define measures / projects to fulfil the strategies and achieve the targets 
In top management interviews, the following investment strategy was developed: 
1. Increase business 
o Enhance business in existing markets by product and service improvement. In-
crease service quality to stand out from the competitors.  
o Issue new products to existing markets. 
2. Cost efficiency 
o Streamline the value chain and reduce redundancies by centralising services 
within the company. 
o Sell parts of the value chain to 3rd party market to reduce fixed costs. 
3. Legal & regulatory requirements 
o Focus on mandatory investments. 
5.2 Operational Planning 
Within operational planning the focus is on resource restrictions.  
Firstly, top down budget targets were collected.  
Secondly, a standard bottom up budgeting process was executed.  
Thirdly, investment potential for innovations was identified. 
 
Collection of top down budget targets: 
4. Deliver € mill. net revenue. 
5. Increase costs by a maximum of 2%. 
6. No increase off internal headcount. 
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7. Pay back period for projects max 2 years. 
8. Provide risk analysis for all projects. 
9. Ensure that legal and regulatory requirements can be met and implemented using 
mainly internal resources. 
Bottom up budget planning 
One approach to deriving the investment potential of innovations is to split the total budget 
into the budget required to run the company and the budget required for change.  
The budget for running the company can be estimated by considering last year's budget, 
adapted by the impacts of last year's investments, uncontrollable increases and mandatory 
changes. By taking the result, adding the budget required for new investments and then in-
cluding potential budget increases or reduction targets, the new budget can be calculated in a 
similar way to that described in the “Dynamic IT Baseline Budget Model”, by Martin Curly51.  
 
 
Figure 11: Dynamic IT Baseline Budget Model 
Source: Cf. Curly, 2004, page 36 
This approach is also to be applied to human resource planning. In addition to the above-
described approach different kinds of resource pools have to be identified. Based on the size 
of the analysed company, the available and required skill set has to be taken into considera-
tion as well.  
Finally the impact off resource planning on the number of external personnel required will 
influence the budget situation.  
The resources needed for projects, which are already running also have to be considered.  
                                                
51 Cf. Curly, 2004, page 36 
New budget =   Initial baseline 
     + Impact of previous investments 
     + Uncontrollable increases 
     + New investments 
- Cost savings 
   + / - Target for expansion / reduction 
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Examples of resource pools: 
1. Business area mid office (funds & asset management controlling, risk and perfor-
mance analysis) 
2. Business area legal & taxes 
3. Business area funds management 
4. Business area portfolio management 
5. Business organisation 
6. IT developer Web/data ware house/core system 
Summary: 
The described approach leads to an overall budget for innovation related investments of only 
X € mill.  
From this amount 1,5 mio € is dedicated to investments into new 3rd party services. This in-
vestment should serve the business growth and the cost reductions, which were set as the first 
and second priorities of the investment strategy. The project portfolio identified to support 
that target will be the application of the CPP model.  
In the specific situation of the considered company, human resources are not counted as limi-
tations because one of the major projects, which were staffed externally, is finalised and any 
required skill set can be bought on the market. This means that a lack of internal staff does not 
hinder the project's execution. It only has an impact on the budget. 
5.3 Tactical Planning 
This part will describe how the projects identification process is embedded in the company 
and how the final set of projects are selected. 
The process is split into 3 steps: 
 Ideas gathering 
Project pipeline preparation 
 Identification of the candidate projects 
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Ideas gathering 
A centralised demand management is implemented and a comprehensive list of ideas and the 
potential demand across all business lines is collected from bottom up. 
Project pipeline preparation  
Collected ideas are regularly reviewed, prioritised and bundled into projects. Projects are doc-
umented and project information is maintained in a central database. The list of projects not 
executed is called a project pipeline. 
To identify potential investment candidates for innovation, the project pipeline has to be split 
into projects supporting the daily operations (“keep the lights on”, e.g. infrastructure projects), 
legal or regulatory driven projects and projects which support business growth or cost reduc-
tion, e.g. like product- or process innovations. 
“Keep the lights on” projects will usually be evaluated using operational risk assessment. 
Legal and regulatory requirements are usually mandatory, there is only a small amount of 
freedom in the question of how to implement them. 
Identification of project candidates 
The list of projects, which are identified to increase business growth or reduce costs will be 
roughly described in terms of costs, required manpower, duration, risk, expected benefits and 
pay back period. 
Impact on operational planning 
As the analysis focuses solely on the selection of projects and not on optimising their execu-
tion, when managing the portfolio the resource requirements of all running projects have to be 
considered. For example: legal driven projects consume human effort and money. This has to 
be considered at the operational planning phase. 
 
Summary: Considered projects 
The list of candidate projects s is filtered based on the conditions which were elaborated in the 
strategic planning phase, see results from chapters 5.1. and 5.2. 
The project pre-selection process, based on the analysis of high-level costs, benefits, risks and 
the implementation duration, results in a list of 10 projects which are summarised in a “ser-
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vice oriented Funds- and Asset Management Company” program. The basic idea is that all the 
required services that can be performed in-house, can also be offered to the market l.  This 
means that these services will be offered to smaller competitors, which will enable market 
leadership in the design of services and in the interpretation of legal and statutory require-
ments. Additionally, the investment costs already incurred to establish the new infrastructure 
are distributed. 
5.4 Summary of Planning Assumptions 
A project portfolio comprising of 10 projects will be analysed, with each project aiming to 
reach the targets of increasing business growth and reducing fixed costs, as defined in strate-
gic planning.  
The reserved budget, as elaborated in operational planning (Chapter 5.2.9, is fixed at 1,5 mill. 
€. Resources, in terms of human resources, are not critical because there are plenty of external 
consultants available following the recent completion of a big change project. 
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6 Building the LP Model 
In this chapter the basic assumptions will be explained and the CPP model will be applied. 
6.1 Basic Assumptions 
This chapter sums up the necessary assumptions like project steps, periods, business case and 
resources, which need to be made to build the linear programming model. 
6.1.1 States of Nature 
It is assumed that all probabilities for success or failure are the same for all projects as re-
quired in the theoretical model.52 
From the starting point S0, in period 0 S1 will be reached if the business development is posi-
tive, S2 will be reached if it's negative. From S1 it will develop to S11 if business development 
is positive again, or to S21 if the development is negative. The same is valid from S2 to S21 and 
S22. 
6.1.2 Project Steps 
It is assumed that investments are made in 2 steps, which are interpreted as follows: 
Step 1: Starts at period 0. Here, the first investment per project is required. The first project 
step contains a proof of concept, or a pilot implementation, or a detailed analysis for a poten-
tial second phase. 
Period 0 starts on 1st January 2012 and ends on 31st December 2012. 
Step 2: Starts at period 1. A decision is required as to whether to continue or to close the pro-
ject. What happens at the 2nd implementation phase of the projects is dependent on the 
reached state of nature 1 or 2. 
Period 1 starts on 1st January 2013 and ends on 31st December 2013. 
At step 3, which is at the end of period 1, 31st December 2013, the projects will be finalised 
and will begin to deliver results in terms of benefits. 
                                                
52 Cf. Gustafsson and Salo, Systems Analysis Laboratory Research Reports, 2005, page 11 
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6.1.3 Business Case and Resources 
All projects will end up in combined business and IT services. For all projects a total cost of 
ownership (TCO) calculation is provided. 
Basically, two types of resource need to be considered. Human resources groups - based on 
different skill sets like “business organisation”, “IT”, “Legal & Taxes”, etc. - and money. 
Based on the analysed environment there is, at least from a knowledge point of view, no re-
source limitation. Any kind of know-how can be bought on the market. Basic assumptions are 
that approximately 30% of project work can be done internally and external partners will pro-
vide 70%. This ratio enables the internal resources to ensure proper specifications, vendor 
management, integration and deployment. 
6.1.4 Projects 
As the major focus is on new services, a set of 10 projects in the area of new combined busi-
ness and IT services was selected. 
The projects scope is about developing an ASP (application service provider) model enriched 
by parts of the company’s own business services and integrated into the external clients’ value 
chain. 
The potential revenue is based on a three-year total cost of ownership (TCO) calculation. 
 
The projects are indicated from A to J. 
The projects financials are described by: 
• Investments in period 0 
• Investments in period 1 
• Investments in period 2 
• Revenues in S11 
• Revenues in S12 
• Revenues in S21 
• Revenues in S22 
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Description of Project A: 
There are already four exiting customers using business and IT services. Adding another part 
of the company’s value chain can enhance these services. The project proposal is about add-
ing Front Office functionality. 
The pre-analysis, consisting of detailed analysis and pilot implementation, leads to initial 
costs of 105.000€. The cost at the second decision point will vary pending on if the financial 
market develops positively or not. If the market develops well, stage S1, it is assumed that 
three or for customers will buy the new service. If the market develops less well, stage S2, the 
assumption is that none or only one customer will buy. These assumptions lead to investments 
of 245.000€ at S1, or 122.500€ at S2. 
For the revenues, it is assumed that at S11 3, at S12 2, at S21 1 and at S22 no customers will buy 
the new service. 
Description of Project B: 
The second project is also aimed at the four clients, which already exist. It focuses on the ex 
post and ex ante limit checks. For the initial analysis and proof of concept (PoC) a cost of 
45.000€ has been estimated. If the market develops well it is assumed that three to four cus-
tomers will take the new service. Investments in S1 are estimated at 105.00€, and at S2 at 
52.500€. The income per service, per client is estimated at 400.000€. 
Description of Project C: 
Project C covers new performance calculation services for the existing four clients.  The as-
sumptions on positive acceptance are that there will be four takers at S11, three at S12 and only 
one at S21 and S22. The initial investment is estimated at 60.000€, at S1 at 140.000€, and at S2 
at 70.000€. And the potential revenue per service is estimated at 150.000€ per customer. 
Description of Project D: 
Project D delivers new risk measurements services. Initial costs are estimated at 60.000€, the 
second phase is estimated at 140.000€ or 70.000€. Up to four customers will accept the offers, 
each for 150.000€. 
Description of Project E: 
Project E is about creating new reports for the back office. This service is focused on legal 
and statutory reporting and can be provided to a broader range of customers. 
It is assumed that the internal service set up will cost about 45.000€. The effort for the exter-
nal clients is mainly driven by the IT integration costs. The assumed costs for the second 
phase are 105.000€ or 52.500€. The revenue is projected as 100.000€ per reporting package, 
per client. For S11 five clients, for S12 three, and for S21 two clients are assumed. It is assumed 
that at S22 there will be one client. 
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Description of Project F: 
Project F will deliver services for calculating fees. Initial cost are assumed to be 9.000€, peri-
od 1 is estimated at 21.000€ or 10.500€. The assumption is that there will be one major new 
client at S12, S21 and S22 (40.000€) and a second, smaller client at S11 (75.000€). 
Description of Project G: 
Project G covers special mid office reporting services. Set up costs are estimated at 12.000€. 
The second phase is evaluated with 21.000€ or 10.500€. Planning assumptions is for three 
clients at S11, two at S12 and only one atS21 and S22. The planned price is set at 25.000€ per 
customer. 
Description of Project H: 
Project H covers risk and performance calculation services for portfolio management. The 
assumption is that at S12, S21 and S22 there will be only one external client. S11 covers addi-
tional parts of the service for another client. 
Description of Project I: 
Project I covers reporting services for portfolio management. The assumption is that at S12, 
S21 and S22 there will be only one external client. S11 covers additional parts of the service 
for another client. 
Description ofProject J: 
Project J covers SWIFT Integration service. The assumption is that at S12, S21 and S22 a 
small increase in institutional business will result from the new service. S11 reflects that this 
service really helps in gaining institutional business. 
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Table 1 summarises the projects specific parameters. 
 
Table 1: Key figures 
 
6.2 Definition of Variables and Equations 
In this chapter the variables and equations explained in chapter 2 are applied. Figure 12 shows 
the decision tree. The probabilities have been chosen after intense discussions with the deci-
sion makers. 
 
Figure 12: Decision Tree 
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In the following part, all the equations and conditions for calculating the resource surpluses at 
all states, deviation variables, expected value (EV) and consistency constraints are developed. 
6.2.1 Resource Flows 
In the following section the resources surplus (RS) will be calculated. 
To calculate the resource surplus, at calculation Period 0 costs are shown as negative cash 
flows and will be multiplied by the binary decision variable and the initial budget will be add-
ed. The initial budget is 1500. All values in the following equations are stated in thousand €. 
-105*XASY-45*XBSY-60*XCSY-60*XDSY-45*XESY-9*XFSY-12*XGSY-120*XHSY-165*XISY-
45*XJSY+1500-RSS0=0 
Period 1 / S1 
For all the following stages the resource surplus from the previous stages will be multiplied 
by the risk free interest rate. 
-245*XACY1-105*XBCY1-140*XCCY1-140*XDCY1-105*XECY1-21*XFCY1-28*XGCY1-280*XHCY1-
385*XICY1-105*XJCY1+1,08*RSS0-RSS1=0 
Period 1 / S2 
-122,5*XACY2-52,5*XBCY2-70*XCCY2-70*XDCY2-52,5*XECY2-10,5*XFCY2-14*XGCY2-
140*XHCY2-192,5*XICY2-52,5*XJCY2+1,08*RSS0-RSS2=0 
Period 2 / S11 
1500*XACY1+1600*XBCY1+600*XCCY1+600*XDCY1+500*XECY1+75*XFCY1+75*XGCY1+500*X
HCY1+800*XICY1+250*XJCY1+1,08*RSS1-RSS11=0 
Period 2 / S12 
+1000*XACY1+1200*XBCY1+450*XCCY1+450*XDCY1+300*XECY1+40*XFCY1+50*XGCY1+400*
XHCY1+550*XICY1+75*XJCY1+1,08*RSS1-RSS12=0 
Period 2 / S21  
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+500*XACY2+800*XBCY2+300*XCCY2+150*XDCY2+200*XECY2+40*XFCY2+25*XGCY2+400*XH
CY2+550*XICY2+50*XJCY2+1,08*RSS2-RSS21=0 
Period 2 / S22 
+0*XACY2+400*XBCY2+150*XCCY2+150*XDCY2+100*XECY2+40*XFCY2+25*XGCY2+400*XHCY
2+550*XICY2+25*XJCY2+1,08*RSS2-RSS22=0 
Expected Value (EV) 
EV=50%*70%*RSS11+50%*30%*RSS12+50%*60%*RSS21+50%*40%*RSS22 
ΔVs+ and ΔVs−  measure how much the total value of the resource surpluses in states differs 
from the risk measure’s target value t. Only the negative values will be used for the LSAD 
calculation.  
RSS11-EV=ΔV+S11-ΔV-S11 
RSS12-EV=ΔV+S12-ΔV-S12 
RSS21-EV=ΔV+S21-ΔV-S21 
RSS22-EV=ΔV+S22-ΔV-S22 
6.2.2 Decision Consistency Constraints 
The first part supports the binary function of the decision variables. XASY stands for starting 
projects A at S0, whereas XASN means that it will not be started. The constraint ensures that 
project A is either started or not started and that this decision can only be made once. 
XASY + XASN=1 
XBSY + XBSN=1 
XCSY + XCSN=1 
XDSY + XDSN=1 
XESY + XESN=1 
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XFSY + XFSN=1 
XGSY + XGSN=1 
XHSY + XHSN=1 
XISY + XAIN=1 
XJSY + XAJN=1 
 
The following constraints ensure that the project can only be continued if started at all. 
XACY1+XACN1= XASY 
XBCY1+XBCN1= XBSY 
XCCY1+XCCN1= XCSY 
XDCY1+XDCN1= XDSY 
XECY1+XECN1= XESY 
XFCY1+XFCN1= XFSY 
XGCY1+XGCN1= XGSY 
XHCY1+XHCN1= XHSY 
XICY1+XICN1= XISY 
XJCY1+XJCN1= XJSY 
 
XACY2+XACN2= XASY 
XBCY2+XBCN2= XBSY 
XCCY2+XCCN2= XCSY 
XDCY2+XDCN2= XDSY 
XECY2+XECN2= XESY 
XFCY2+XFCN2= XFSY 
XGCY2+XGCN2= XGSY 
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XHCY2+XHCN2= XHSY 
XICY2+XICN2= XISY 
XJCY2+XJCN2= XJSY 
All XzCS and XzNS ∈{0,1} 
z∈a-j 
6.2.3 Resource Constraints 
Restrictions for resource surplus variables for each state are formulated. 
RSS0 ≥ 0 
RSS1 ≥ 0 
RSS11 ≥ 0 
RSS12 ≥ 0 
RSS2 ≥ 0 
RSS21 ≥ 0 
RSS22 ≥ 0 
In this calculation a loan for investments is not considered. 
6.2.4 Objective Function 
The EDR of the value of the final resource position is given by the sum 
EDR=  
t was set to EV therefore EDR equals LSAD.53 
EDR=LSAD= 50%*70%*ΔV-S11+50%*30%*ΔV-S12+50%*60*ΔV-S21+50%*40%* ΔV-S22 
                                                
53 Cf. Gustafsson and Salo, Operations Research, 2005, page 952 
p(s) ⋅ ΔVs−
s∈ST
∑
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Maximise CE  𝜆  is fixed with 0,5 
CE=EV-𝜆*LSAD 
=50%*70%*RSS11+50%*30%*RSS12+50%*60%*RSS21+50%*40%*RSS22-0,5*(50%*70%* 
ΔV-S11+50%*30% *ΔV-S12+50%*60%* ΔV-S21+50%*40%* ΔV-S22) 
NPV=CE/(1,04)2-1.500 
The risk free interest rate is set with 4% p.a. 
ρ =1,04* !"!" − 1 
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7 Calculation and Analysis of Results 
Chapter seven describes the software solution that was used, the analysis of the concept re-
sults based on the example described in the analysed paper, the calculation and documentation 
of the results, and the sensitivity analysis based on changes of the input parameters. 
7.1 Used Software 
Firstly, the concept is tested based on the example model and solved in Microsoft Excel 2003. 
The detailed approach is explained in Chapter 7.2. Overall the results looked promising, as 
they were stable and reproducible. 
During the application of the model defined in Chapter 6, it was identified that the linear pro-
gramming application (Solver) embedded in Excel for Office 2003 is not capable of solving 
the model. The calculations were not stable, recalculations without changing the input lead to 
different results. 
Further analysis was continued in Microsoft Excel as part of Office 2010 for windows. Here 
the first results were quite promising, only during the sensitivity analysis was it identified that 
the calculation results were again not stable. 
The approach was changed from using the limited version of the “Solver” embedded within 
Microsoft Excel and Excel Version 14.1.3 for Mac was used, which seemed to be the newest 
available. Unfortunately, the results were again unstable. 
As the embedded “Solver” application in all Excel products offers only limited functions, the 
next trial was with the unlimited version (Solver professional for Mac, www.solver.com). 
Trial runs showed that the model cannot be solved and the official support of “solver” appli-
cation explained that there is a bug in the software application. 
All “solver” solutions at this point of time showed errors, like the inability to find a solution, 
the solutions not being stable, or the binary conditions for the decision variables were not be-
ing applied. 
Additionally, GNULP as a freeware based on LINUX was analysed. Unfortunately, it was not 
able to calculate the full model. The next solution approach was to change to the open source 
software “Open Office” which leads to fast and stable calculations. Only the user interface, 
compared to the Microsoft Excel application, is buggy meaning data storage functions do not 
work. 
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7.2 Test of the Concept 
To ensure that the software solution package is able to solve the model, firstly the example 
explained in the paper was analysed and used to test of concept. The results calculated in Mi-
crosoft Excel 2003 are the same as the solution explained in the analysed paper. 
Figures 13, 14 and 15 illustrate the first implementation of the example model in Microsoft 
Excel. Figures 16 and 17 contain the solver parameter settings and options. 
 
Figure 13: Example model 1st draft, part 1 
 
MAX EV- 0,5 * LSAD
formula 17,32239959 17,33
LSAD formula 2,95
-2,952000122
EV 50% * 30% * RS11+ 50% * 70% * RS12 + 50%*40% *RS21 + 50% * 60% * RS22
formula 18,79839965 18,8
action variables
XASY 1
XASN 0
XACY1 1
XACN1 0
XACY2 0
XACN2 1
XBSY 1
XBSN 0
XBCY1 0
XBCN1 1
XBCY2 1
XBCN2 0
RS0 6,0000
RS1 3,4800
RS2 4,4800
RS11 23,7584
RS12 13,7584
RS21 29,8384
RS22 14,8384
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Figure 14: Example model 1st draft, part 2 
 
 
Figure 15: Example model 1st draft, part 3 
 
consistency constraints
formula value
XASY+XASN=1 1,00 1
XACY1+XACN1=XASY 1,00 1
XACY2+XACN2=XASY 1,00 1
XBSY+XBSN=1 1,00 1
XBCY1+XBCN1=XBSY 1,00 1
XBCY2+XBCN2=XBSY 1,00 1
resource constraints formula value
-1 XASY - 2 XBSY +9 - RS0 = 0 6 6 RS0
-3 XACY1 - 2 XBCY1 + 1,08 RS0 - RS1 = 0 3,48 3 RS1
-3 XACY2 - 2 XBCY2 + 1,08 RS0 - RS2 = 0 4,48 4 RS2
20 XACY1+2,5 XBCY1 + 1,08 RS1 - RS11=0 23,76 24 RS11
10 XACY1+1 XBCY1 + 1,08 RS1 - RS12 = 0 13,76 14 RS12
5 XACY2+25 XBCY2 + 1,08 RS2 - RS21 = 0 29,84 30 RS21
10 XBCY2 + 1,08 RS2 - RS22 = 0 14,84 15 RS22
risk constraints formula value
RS11-EV-dVS11p+dVS11n=0 9,92 0
RS12-EV-dVS12p+dVS12n=0 -10,08 0
RS21-EV-dVS21p+dVS21n=0 22,08 0
RS22-EV-dVS22p+dVS22n=0 -7,92 0
initial budget risk var downside risk
9 dV11 -5 -4,96000035 -0,744
dV12 5 0
dV21 -11 -11,04000035 -2,208
dV22 4 0
-7,000000399 -2,952
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Figure 16: Example model screen shot “solver parameter” 
 
                         
Figure 17: Example model screen shot “solver options” 
 
To make the changes in the parameters more comfortable and the model easier to handle, the 
following optimised view was developed and also used for the later stages of the implementa-
tion of the model, see figure 18. 
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Figure 18: Overview solution of example 
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All the grey cells (upper part of the table) are potential input cells. Those marked blue  (below 
the fat line) are the output cells. The target, CE value, is highlighted orange. The decision 
variables block shows if the projects are started at a specific decision point. Additionally, traf-
fic lights were implemented in the upper part to increase the transparency of portfolio deci-
sions. The risk free interest rate is 8% p.a. 
 
7.3 Calculation and Documentation of Results 
As described in chapter 7.1 the model was applied in Open Office 3.3.0. The graphical distri-
bution looks the same as that previously explained in 7.2. In the following, the application 
will be explained. Figure 19 shows the applied model in total. The specific sections are ex-
plained and displayed in figures 21-24. 
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Figure 19: Model applied in Open Office 
 
Figure 20 shows the input screen for the solver parameters. In the upper part, the target value 
has to be fixed. In the middle section all constraints have to be set. The calculated values will 
be inserted in the spread sheet as shown in figure 19. 
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Figure 20: Solver input screen 
 
In the upper section of figure 19, as shown in figure 21, all grey cells are reserved for the in-
put parameters. The white shaded fields summarise the results on project decisions. The col-
umn “Start” shows all project started at S0 with “1”, column “continue at S1” and column 
“continue at S2” show which projects are to be continued at the specific node, which is also 
indicated with “1”. 
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Figure 21: Upper part of applied model 
 
Figure 22 shows the middle section of figure 19. All decision variables are listed there. The 
graphical distribution of variable names and values is given by the application. “Solver” could 
not solve the problem in another constellation. The decision variables have to be set as binary 
in the “solver” options. The 2 digits display in the cells format settings is chosen to verify 
adherence to the binary condition. 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: Central section of applied model – decision variables 
 
Figure 23 shows the right middle section of figure 19. Within the “Solver”, the consistency 
constraints have to be set as left hand side and right hand side parts of the equations to be cal-
culated. 
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Figure 23: Right section of the applied model – consistency constraints 
 
Figure 24 shows the lower section of figure 19. The following calculation results are shown: 
 
 
Figure 24: lower section of the applied model – calculation results 
 
Calculation of risk adjusted interest rate ρ; 
The optimal portfolio leads to a risk adjusted interest rate that exceeds the assumed risk free 
interest rate. 
ρ =1,04* !"!" -1=8,55% 
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Present value of optimal project portfolio  
By reducing the CE by the risk free interest rate and deducting the initial budget, you can cal-
culate the project portfolio's optimal present value: 
NPV=CE/(1,04)2-1.500.000 =1.697.629 
 
Expected down side risk EDR / LSAD 
In this specific case the risk target value t is set equal to EV therefore EDR equals LSAD. 
The EDR of the value of the final resource position is given by the sum: 
EDR= =50%*70%*0+50%*30%*0+50%*60%*(-776.680)+50%*40%*(-
1.926.680)= -618.430 
 
7.4 Sensitivity Analyses 
A sensitivity analyses which will supplement the model, is done in MS Excel / Open Office 
by analysing the impact of changes to the following parameters: 
• Budget 
• Risk free interest rate - RFIR 
• 𝜆 - Risk parameter 
• Probabilities that a specific node will be reached 
7.4.1 Budget Changes 
Table 2 shows the calculation results based on the budget changes in the grey column. The 
initial budget of 1.500.000 € is highlighted. 
p(s) ⋅ ΔVs−
s∈ST
∑
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Table 2: Sensitivity analysis on budget changes 
 
Figure 25 shows how the Cash Equivalent and the Expected Value change if the budget is 
increased. The correlation between the calculated results and the input parameters is triggered 
by the fact that not invested money will yield interest. 
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Figure 25: Sensitivity of CE and EV on budget changes 
Figure 26 shows the correlation of the NPV, which is similar as the correlation with CE and 
EV.  
              
Figure 26: Sensitivity of NPV to budget changes 
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Figure 27 shows the negative correlation caused by increasing budget and decreasing ρ. The 
higher the budget with unchanged investment opportunities, the more money is to be invested 
at the risk free interest rate of 4%, with the result that ρ goes down. 
                   
Figure 27: Sensitivity of 𝜌 on budget changes 
Figure 28 summarises project decisions. Green fields mark the specific stages at which the 
decision was taken to start or continue projects, and white fields mark those at which the deci-
sion was taken not to start or to discontinue projects. 
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Figure 28: Impact of budget changes on project decisions 
 
Two examples to illustrate the interpretation: 
With a budget of 500.000 €, projects A, B will be started and finalised regardless of whether 
S1 or S2 is reached. Project F is to be started, and if S1 is reached will be discontinued, while 
if S2 is reached it will be continued 
If the initial budget is set at 2.500.000 €, projects A to I are all to be started and continued 
independent of if S1 or S2 is reached. Project J will not be started. 
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7.4.2 Changes of Risk Free Interest Rate 
 
The working assumption is that external triggers, like a financial crisis, could provoke 
changes to the risk free interest rate. As the financial markets have been quite unstable over 
recent years, this analysis has become more relevant. 
Table 5 shows the impact of the RFIR changes on the calculated parameters. 
 
Table 3: Sensitivity of the results to RFIR changes 
 
Figure 29 shows the positive correlation between a rising RFIR and the CE and EV. These 
values are positive because any kind of resource surplus in the model will yield interest. 
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Figure 29: Sensitivity of CE, EV and NPV to RFIR changes 
Figure 30 illustrates how the project decisions are based on the variance of the risk free inter-
est rate. 
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Figure 30: Impact of risk free interest rate changes on project decisions 
 
7.4.3 Changes of Probabilities in the Decision Tree 
 
This chapter focuses on the impact of changes on the probabilities. The unstable financial 
situation leads to huge fluctuations in the estimations, depending on when and by how great a 
percentage the economy grows. 
Four decision makers (DM) in evaluating the probabilities: 
DM1 
Positive economic development in the first period: 60%, in second period: 70% if already 
positive in first period, otherwise 60% 
DM2 
Economy develops positive in first period: 60%, in the second period: 75% in any case 
DM3 
Economy develops positive in first period: 30%, in the second period: 50% in any case 
DM4 
Economy develops positive in the first period: 60%, in the second period: 70% in any case 
 
Table 4 shows the impact of the calculated CE varies from 3.013.286 (30%) to 3.709.070 
(60%). This shows that the estimation of the probabilities will be a key factor in achieving 
proper results on the project portfolio, see figure 31. 
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Table 4: Sensitivity of the results to changes of probability to reach S1 and S2 
 
 
Figure 31: Impact of changes on the probability of reaching S1 and S2 
 
Table 5 indicates the results of changing the probabilities at S1 to S11 and S12. 
 
Table 5: Sensitivity on the results based on changes of probability to reach S11 and S12 
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Figure 32 shows that the impact on project decisions caused by making changes to the proba-
bilities at S11 and S12 is limited. 
 
Figure 32: Impact of making probability changes at S11 and S12 on project decisions 
 
Table 6 shows the sensitivity analysis results when changing the probabilities at S2 to S21 and 
S22. 
 
Table 6: Sensitivity on the results based on changes of probability to reach S21 and S22 
Regardless of what probability changes are made, they have a low impact on the project 
decisions. 
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Figure 33: Impact of probability changes to reach S21 and S22 
 
7.4.4 Risk Parameter 𝝀 Changes 
The risk parameter can vary from 0 to 1. The decision maker’s interviews lead to results: 0,4; 
0,5; 0,6 to 1. The impact of this spread on the CE is a range from 3.520.398 to 3.039.187.  
Table 7 summarises the calculation results. 
 
Table 7: Sensitivity on the results based on changes of λ  
Figure 26 shows a negative correlation between 𝜆 and CE, NPV and EV. 
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Figure 34: Impact of risk parameter on CE, EV and NPV 
 
Figure 27 shows a positive correlation between 𝜆 and 𝜌. 
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Figure 35: Sensitivity to λ changes on 𝜌 
 
Figure 36 shows that at levels between 0,1 and 0,8 the same project decisions will be made. 
 
λ
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Figure 36: Sensitivity of project decisions on changes  
 
7.4.5 Changes of Project Costs 
Investments made in periods 1 and 2 will be put on the level of period 1 to show the im-
portance of properly estimating costs. Figure 37 shows the entry parameters and figures. Fig-
ures 38 and 39 illustrate the calculation results. 
 
Figure 37: Project cost in 2nd phase doubled 
 
 
λ
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Figure 38: Changes of project costs to portfolio decisions 
 
 
Figure 39: Project cost in 2nd phase doubled - results 
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The calculation of ρ for the optimal portfolio, leads to a risk adjusted interest rate that exceeds 
the assumed risk free interest rate of 10,14% ρ and accounts for time and risk preferences. 
Present value of the optimal project portfolio NPV= 1.349.318 
Figure 40 highlights the differences in the project decisions. 
The original values are shown in the first row, the second row shows the result if costs for the 
second phase are doubled. As there are no resource shortages in the analysed example, the 
impact on the calculated results is small. 
 
Figure 40: Optimal portfolio based on input cost effects  
 
7.4.6 Practical Application of the Sensitivity Analysis 
To sum up the previously described results of the sensitivity analysis, the results of four deci-
sion makers will be compared. 
The decision makers were asked to estimate the probability of the economy growing in the 
next 12 months and in the 12 months following those. Additionally they were invited to set 
the risk parameter λ (0 for risk neutral, 1 for an aversity to taking risks). 
The input parameters of 4 decision makers (DM) is summarised and the results are compared 
to each other. 
Decision maker DM1 
Economy develops positive in the first period: 60%, in the second period: 70% if positive 
already positive in first period, otherwise 60%,  𝜆=0,5 
 
Decision maker DM2 
Economy develops positive in the first period: 60%, in the second period: 75% in any case 𝜆=0,4 
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Decision maker DM3 
Economy develops positive in the first period: 30%, in the second period: 50% in any case 𝜆=0,6 
 
Decision maker DM4 
Economy develops positive in the first period: 60%, in the second period: 70% in any case 𝜆=1 
 
Figure 41 reflects the difference of the expected NP 
 
Figure 41: DM 1-4 calculation results 
 
Figure 42 shows that the different assumptions about the probability and the parameters, lead 
to different project selections. 
 
 
Figure 42: DM 1-4 project selection results 
Although the assumptions are set quite differently there is only a small deviation in the pro-
ject selections. 
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8 Interpretation of the Results 
In this chapter, the calculation results are explained. Based on the sensitivity analysis the 
stability of the model, with regards to changes in the input variables and system parameters, is 
summarised. Finally, the model results are compared with the subjective decisions made by 
the decision makers without using the model.  
8.1 Findings 
Based on the sensitivity analysis on defined parameters the stability of the system depending 
on the input parameters is explained. 
Budget Changes  
The results of the budget sensitivity analysis show that, as long as risk free interest is gained 
on any budget money not invested in projects and on the resource surplus gains, additional 
money will lead to additional benefits. 
Figures 25 and 26 highlight the positive correlation between budget increase CE, EV and 
NPV. 
Figure 27 shows that the above described fact, that there is no alternative investment allowed, 
leads to a decrease of ρ when the budget is increased. 
The project decision matrix in figure 28 demonstrates the impact that the budget has on the 
project selection and one can see that the differences in the decisions are driven by the 
different contribution margins of the projects. 
Figure 43 shows the CE of the optimal portfolio based on budget changes, all other 
parameters are fixed.  
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Figure 43: Optimal portfolio based on input budget changes  
 
Risk Free Interest Rate 
The determination of the risk free interest rate is most probably the easiest part of the settings 
of the model as it can be collected easily in real markets. On the other hand it is more or less 
fully externally steered. Within the observation period of two years a development by plus or 
minus 50% is possible. 
In figure 29 the positive correlation of the risk free interest rate with CE and EV and negative 
correlation with the NPV is presented. 
Figure 30 shows that the project selection results are quite stable. The same decisions are 
made from 2% to 8%, only 1% and 10% led to different results. 
Changes of Probabilities in the Decision Tree 
The estimation of the probabilities for the environmental changes is probably one of the 
biggest issues in the model. As described in chapter 7.4.3, the collection of the estimations 
from different decision makers shows huge differences. Most probably each estimation is 
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dependent on the market situation a decision maker is in. As there is still a financial crisis, it 
is obvious that different people make different estimations. 
The figures 31 to 33 show that, based on the derived project decisions, variations to the 
probabilities required to reach node S0 to S1 and S2, do have more impact than others. 
Risk Parameter 
The identification of a parameter to explain how averse to risk the decision maker is was quite 
tricky. The statement that 1 is the most negative attitude to taking risks and 0 is the most 
positive, raises the question of what impact this has on the results. 
Figure 35 shows the positive correlation between λ  and ρ. 
The project selection results for λ were the same for the values from 0,1 to 0,8. 
Costs 
Project cost and revenues have to be estimated. The quality of the estimations can lead to 
different results. For illustration purposes, the costs estimated for the 2nd phase have been 
doubled. 
The majority of the project decisions are the same, because, again, there is no budget shortage 
and most of the selected projects have a high contribution margin. 
 
8.2 Comparison of Calculated Results and Management Decisions  
In general, the probability of achieving S11 to S22 depends on the probability of the markets 
developing positively and a potential client taking the new service. For the decision maker, 
this increases the complexity in making estimations.  
One management decision maker prefers project J that is one of the projects which was not 
selected in most of the scenarios calculated by the model. The reason for the management 
decision maker's choice is that the project should bring big data quality improvements, which 
should therefore reduce operational risk. This advantage was not considered in the revenue 
calculations and could be enhanced by adding operational risk costs to the TCO calculation. 
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9 Potential Enhancements 
During the application of the model and the analysis of the required framework, potential 
enhancements and model adaptations have been identified. These enhancements can be split 
into three categories: 
• Mathematical model 
• Application of the model 
• Software 
9.1 Enhancements of the Mathematical Model 
Probability Distribution  
To simplify the estimation of the probabilities used to shift from one stage to another there 
could be used a probability function and some thresholds could be applied. 
Dependency Analysis 
Another area of complexity could be added by dependencies e.g. between projects or project 
phases. 
In the analysed model only linear action variables are used, as a result interactions like syner-
gies within the projects are not considered. 
Impact of Environmental Changes (e.g. financial crisis) 
The model could be enhanced by the inclusion of scenarios e.g. a worst-case status could be 
implemented to see calculate the maximal risk. 
 
Loans 
A further enhancement would be the inclusion in periods 0 and 1 of the possibility to increase 
the available budget by borrowing money or other resources for predefined costs. 
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Enhance the Project-specific Decision Tree on Standardised and Individual Investments 
Gustafsson and Salo 54 55developed a model enhancement. It is based on a mixed asset portfo-
lio selection (MAPS) model – a portfolio model including both projects and securities – and 
the concepts of break-even selling and buying prices, which compares the values of optimal 
portfolios, both with and without the analysed project. They extended CPP to include securi-
ties and to generalise its objective function to several types of preference models, ranging 
from the expected utility model to various non-expected utility models. 
9.2 Application of the Model 
Different Resource Types 
Including different resource types like human resources, various resource pools, specific skill 
sets or production goods could enhance the application. 
Common Estimation Model for Environmental Changes 
Probability estimation, in particular, can be improved. It would be possible to perform expert 
interviews and to calculate an average. 
Decision Board 
The decision board for the annual tactical planning can use the model. This means that the 
planning approach in general has to be changed to cover a longer period of time and that all of 
the company's resource consuming activities have to be included. 
9.3 Software 
Usability and Complexity 
The open office software solution works well. There are only a few usability features, like the 
possibility to store the solver options, which should be improved. 
The application of the model can be strengthened in the areas of result presentation and “what 
if” analysis views. 
 
                                                
54 Cf. Salo, Keisler and Morton, 2011, Chapter 4 
55 Cf. Gustafsson and Salo, Systems Analysis Laboratory Research Reports, 2005 
 84 
10 Summary and Conclusion 
The aim of this paper was to test whether the model described in “contingent portfolio 
programming for the management of risky projects”56 is able to support project portfolio 
decision making process of an international funds management company. 
The first step was to analyse and explain the theoretical model and its components.  
Later, three points of view were used to elaborate how the portfolio decision model fits into a 
company's management processes. The chosen views were from a Research & Development 
Planning approach explained in Brockhoff57, COBIT 4.158 and Val IT59 as a framework, which 
helps to align business targets and (IT) investments with a Project Portfolio Office 
implementation guideline60. The three methods were analysed and the required parts for the 
implementation were explained.  
As the next step, the company was introduced. The focus was on the existing processes and 
culture, which determine how to make decisions on the project portfolio. 
Finally, the gaps between the frameworks analysed in Chapter 3 and the company's current 
situation were elaborated. 
Based on the gaps, the missing factors were defined and the required parameters elaborated. 
The biggest uncertainties in the strategic planning were driven by the current financial crisis, 
which does not support long term planning, and by new regulatory requirements, which result 
in projects consuming more resources. 
As operational planning had to be derived from strategic planning, changing targets 
influenced and changed the assumptions, especially if targets were changed on the resource 
side, but also if they were changed on the revenue side. 
In the tactical planning, enormous differences in bottom up requirements and available 
resources lead to several rounds of prioritisation. 
In Chapter 6, the model was developed, the decision tree was built, and all the parameters, 
equations and functions were described. 
                                                
56 Cf. Gustafsson and Salo, Operations Research, 2005 
57 Cf. Brockhoff, 1995 
58 Cf. COBIT, 2007 
59 Cf. Val IT, 2006 
60 Cf. Kendall and Rollins, 2003 
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At the next step, the practical application of the model was developed. The model was applied 
in Open Office 3.3.1.  
Chapter 7 described the sensitivity analysis. By changing the input parameters, the sensitivity 
of the decision maker’s project selection process to the changing parameter settings was 
analysed. 
 
Preconditions to support the application are: 
Continuously update the planning information. Ensure that all levels, strategic-, operational- 
and tactical planning are synchronised. 
Implement a project portfolio management office, which manages all of the resource 
consuming activities within the company. 
Because of the complexity of developing, and the effort required in maintaining, such 
applications, it is important that a dedicated line function is established within the company. 
All projects from the sample must have the same life cycle in terms of initial development, 
external dependencies, reinvestment and project finalisation. This is quite unusual in a real 
environment.  Stage 0 can be the point in time at which the annual budget is planned, usually 
in summer for the next year. At stage 1, a summer later, the process is repeated and the 
following year's budget is reviewed. 
Decision makers typically start with limited information about each project and portfolio, and 
need guidance about which projects to analyse, and to what level of detail. Performing a very 
detailed project analysis, which might include applicability of the concept or a pilot 
implementation to find the estimated values of the potential cost and revenue for each project, 
is usually not feasible before the first decision to invest resources is made.  
 
The result of the analysis showed that, in general, the model can support the decision making 
process within a funds- and asset management company. The standardisation of the decisions 
points, which lead to a standardisation of project decisions, project review and project finali-
sation points in time, is the element that differs most from practice. The rest of the findings, 
which support the application, are more general than model specific, when implementing a 
project portfolio within the company. 
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Appendix 2: Abstract in German Language 
 
Die vorliegende Diplomarbeit prüft die praktische Anwendbarkeit des Modells „contingent 
portfolio programming for the management of risky projects“61 von Gustavsson und Salo in 
einem Fonds- und Asset Management Unternehmen. 
Im ersten Teil der Arbeit wird das Modell selbst beschrieben, im weiteren werden die Rah-
menbedingungen, die für eine Einführung in einem Unternehmen erforderlich sind, näher be-
leuchtet. Diese Voraussetzungen werden dabei aus der Theorie „Planung und Kontrolle“ in 
der Forschung und Entwicklung62 aus COBIT 4.163 und Val IT64 und aus einer Anleitung zur 
Implementierung Portfolio Management65 abgeleitet.  
Anschließend wird das Unternehmen vorgestellt. Der Schwerpunkt liegt hierbei auf dem Rei-
fegrad der Planungszyklen und der aktuellen Entscheidungsprozesse. Im Speziellen wird zwi-
schen strategischen, operativen und taktischen Zyklen der Planung unterschieden. 
Die notwendigen Änderungen im Unternehmen werden identifiziert und die Rahmenbedin-
gungen für die Anwendung des Modells erarbeitet. Hierfür wird ein Investmentfokus defi-
niert, Ressourcen werden zur Verfügung gestellt und es wird eine Liste von Projekten zur 
Bewertung erarbeitet. Diese Projekte werden kurz analysiert, um eine Kosten- und Ertrags-
schätzung zu erlangen. 
Durch Management Interviews werden die notwendigen Input Parameter ausarbeitet. 
Die tatsächliche Umsetzung des Modells erfolgt in Open Office. Es wird eine detaillierte Sen-
sitivitätsanalyse durchgeführt in der die Auswirkungen von Änderungen der Input Parameter 
auf die Project Portfolio Entscheidungen evaluiert wird. 
Des Weiteren werden die möglichen Erweiterungen des Modells, des Unternehmens und der 
Software besprochen. 
Abschließend wird die praktische Anwendbarkeit und die Voraussetzungen dazu erörtert. 
 
                                                
61 Cf. Gustafsson and  Salo; Operations Reserch, 2005 
62 Cf. Brockhoff, 1995 
63 Cf. COBIT, 2007 
64 Cf. Val IT, 2006 
65 Cf. Kendall and Rollins, 2003 
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Appendix 3: Abstract in English Language 
 
The working assumption for this paper was to prove the following thesis: 
The model described in “contingent portfolio programming for the management of risky 
projects”66 is able to support project portfolio decision making process of an international 
funds management company. 
The first step was to analyse and explain the theoretical model and its components.  
Later, three different approaches were used to elaborate how the portfolio decision model fits 
into a company's management processes. The chosen views were a Research & Development 
Planning approach explained in Brockhoff67, COBIT 4.168 and Val IT69 as a framework, which 
helps to align business targets and (IT) investments and a Project Portfolio Office 
implementation guideline70. The three methods were analysed and the required parts for the 
implementation were explained.  
As the next step, the example company was introduced. The focus was on the existing 
processes and company culture, which determines how decisions on the project portfolio are 
taken. 
Finally, the gaps between the frameworks analysed in Chapter 3 and the company's current 
situation were elaborated. 
Based on the gaps, the missing factors were defined and the required parameters elaborated. 
The biggest uncertainties in the strategic planning were driven by the current financial crisis, 
which does not support long term planning processes, and by new regulatory requirements, 
which result in projects consuming more resources. 
As operational planning had to be derived from strategic planning, changing targets 
influenced and changed the assumptions, especially if targets were changed on the resource 
side, but also if they were changed on the revenue side. 
                                                
66 Cf. Gustafsson and Salo, Operations Research, 2005 
67 Cf. Brockhoff, 1995 
68 Cf. COBIT, 2007 
69 Cf. Val IT, 2006 
70 Cf. Kendall and Rollins, 2003 
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In the tactical planning, enormous differences in bottom up requirements and available 
resources lead to several rounds of prioritisation. 
In Chapter 6, the model was developed, the decision tree was built, and all the parameters, 
equations and functions were described. 
At the next step, the practical application of the model was developed. The model was applied 
in open office 3.3.1.  
Chapter 7 describes the sensitivity analysis. By changing the input parameters the sensitivity 
on the portfolio decisions was analysed and. 
Preconditions to support the application of the model within a company are: 
Continuously update the planning information. Ensure that all levels, strategic-, operational- 
and tactical planning are synchronised. 
Implement a project portfolio management office, which controls all of the resource 
consuming activities within the company. 
Because of the complexity of developing and the effort required in maintaining such 
applications, it is important that a dedicated line function is established within the company. 
To ensure comparability between the projects all projects of the sample must have the same 
life cycle in terms of initial development, external dependencies, re-investment and project 
finalisation. This is quite unusual in a real environment.   
The result of the analysis showed that, in general, the model can support the decision making 
process within a funds- and asset management company.  
The standardisation of the decisions points, which leads to a standardisation of project deci-
sions and project execution time frame, is the element that differs most from practice. The rest 
of the findings, which are mainly requirements needed to implement the application, are more 
general than model specific and derived during the implementation of a project portfolio 
management within the company. 
 
